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~~~~~~NEW1~AT !.ON JOB DIGITAL SONAR DATA PROC~~SIN(~
b7

C. F. Aithouse, A, J. Hopkins ¶

(This m t ~~um has been prepared. becaus. the information heroin
is believed to be useful in this form to others in ~EL aM to a few
persons or activities outs~ do of NEt.) This msmorathum should. not be
construed as a report as its only function is to present for the
infoz’maticn of others a small portion of the work done on the associated
problem.
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IN Dl4E~TATXON FOR DIGITAL SONAR DATA PROC~~SII~
:. )~~~~,

~~~ Purpoe.e.is to outline a broad. .M flexible program to mechanize and pro-
cesa sonar data using digital techniques. The methods will be .lementary
but capable of expansion. They shall be aoo~~pliebed by oome.roiall.y
available digital computer components. There shal l be the very minimumi of
engineering required of a specific component nature; rather, th. tasks will
involv, the fitting together of the elements as purchased.

A very elementary application upon which to oo ence is the enohsno. nt
of data of a scanning sonar thrøugh integration. Variou, storage elements
have been employed in the psat to att mpt to achieve this end. However,
thaw have generally been severe ly reatriot.d in the range of integration.

In effect , the data is broken up into increments which are determinable
from the’pbysioal constants of the equipment . For any applicatio n of si~~i-
fioano e over a broad area, it is easy to see tMt the uumb r of such increment.
will be in the thousands0 Therefore, a device such as a cathode ray tube has
been uttilied .xteueive]y for such app lication.. The majo r restrictions upon
its utility have bean the range and rate of integration it is capable of

The next major improvement appears to be a storage tube of rhich several
are undergoing study or test for appl icability . These will be significant ,
but ~iill still lack the inherent de~~m~ that an ultimate conversion to
numerics ii eventually required. in order to process Ui~ data by automatic
digital computers. When this stage 1. reached , it is conceivable to o~~~~nc•
the employment of more sophisticat ed methods of statistic al ana lysis.

It is not th , purpo se of the proposed work to become involved in the pro-
blems of the finer grain analysis phase ; rather, it is to convert to numerics
and study the feasibi lity of going further. An assessment of results after
the initial phase ehould be revealing .

The first task will entail the use of a CTFM sonar 0 The data i. resolved
in a set of frequency analyzers which normally are sosimed and th . output
displayed. on a cathode ray tube. There will be no modificati on of this
operation. A separate parallel soan will be made of the ana lyzer filter
elements and converted to a digita l valu e and thence processed and displayed
independently.

The basio element about which this instrumentation is to b centered 1.
a coemercial ma~jcat io cor . memory unit. This unit has available 1092 word s
in a aerial manne r. Each word is composed of eight ’ paralle l digits. Tb.
entire unit is self-contained. including power supply and is 21 x 23 z l~ inches
in size. It is oorapletely transistorized and represent s a fair ly •~etsble”
point in design technology. In other words, until new film type memory
elements are oomser oially practical, these core unite will be in quantity us..
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Functionally, the core ttnit ~~mory would allow tigital design teolmiques to
be employed tmaediat ely. The form factor of such techniques as employed in
the future may differ considerably. Size will be great ly reduc ed. Speed
of operation may be improved. considerably. However, from an engineering
point of view the prese nt speed of 20 microseconds per word cycle offers
enough range to mak. some pr ogres. in techn iques possible. Even the present j 

Isize of the memory i~ compatible ‘with present equipment and, methods .

With this particular core memory, it is possib le to integrate over a
- range of 0 to 256 with 1092 separat e and. individua l integra tors availab le in

2L81~ milliseconds. Thu is many times faster than necessary in a scanning
sonar app lication , so extens ive computation and comparing could be achieved
in a practical application. For example, if the sonar bad a projector-
bydrophone beaa~id.th of 3 degrees ant if the range were ~~oken up into 52
or lees increment s, a sector of 63 degrees could be covered with this unit.
There would. be no changes in the present analysis equipment or sonar operat-
ing parameters.

The use of the 1092 integrator. on the 63 degree sector would serve as a
basis for $ techniqu. trial over a large enough area to be of signifiosno..
An infinite range of “pez’sietence” characte ri stics can be achieved. For
example, in operation, the amplitude of the signal is sampled. and converted
to binary digits at each of the 52 range increments in a progrs~~~d sequence
until the twenty one 3 degree beams have been scanned. This information can
be stor ed, or added to indefinitely, perhaps so long that all of the integratore
become full. However, a number which can be of any value up to 256 can be
subtracted from each of the integrator. which would serve to give a controlled
numeric decay characteristic. With some complication of equipment, each
individual integrator could be made accessible for reduction in value without
disturbing any of the others giving a selective erasura charact er istic.

This digital approach leads to automatic detect ion which i~ extr emely
easy to instrument. A certa In pr eassigned number can be set and. compared with
the 1092 integrator., and the moat elementary warni ng device employed to sense
the exceeding of this number.

Th. range of the integ rato r. and the ease of sequencing allows much freedom
so that a program centered largely upon the experimental rather than upon the
the oretical approach can be taken. Purthermore, the proble m of such data
reduction 10 not without theoretical support in the field. of radar . )bach of
th~e high speed data can be extrapolated in terms of slower sonar constants.
This proposed instrumentation would allow the similar technique. to be ap plied
to sonar with the same philosophy but with ima.nsely simplified instrumentation
due both to reduced speed and advanced technolo gy.

The basic cor. memory unit would, cost $19,000. A high-speed analogue
to digital converter .M arithmetic unite would cost about *8,000. Thus, a
miniMum expenditure of $27,000 would be required to enable a starting point to
be reaohed. which would take advantage of years of research and developme nt in
the digital computer field in instru mentat ion. The timing is opportune, for
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a point appears to have been rea ched where the functional use of such
instrumentation ‘will be wide spre ad In industria l ei.otronica enabling
future operational device development to ut ilize further advances in tb.
optimum manner.

The gnetio memory unit will store 1092 word, of 8 parallel bite each.
This means there are 8 magre tio core ~*trIx planes of 1092 cores each. The
~1anes ire 39 by 28 elements each, The rest-in and read-out gating is all

dome with in the unit; it is only necessary to provide load, and. unload
signals which are 2 microeeccnd pulses.

The inputs to the magnetic cores are on 8 parallel wires, one for .aoh
matrix. Digitalizet signal information is fed to these 8 inpute ,Inultsn.ousl,y
from an analog to digital converter and 8 flip flops. This is shown on the
bloc k diagra m of the auxiliary Instrumentation in fIgure 1

The outputs of the mage~tio cores ar e also on 8 parallel wire. and need. a
su~ming network for read-out, 8 reinsertion flip flop., and suitable g.t.e
and add ing circuits to o~sp Let. the unit for the proposed method of si~~~l
processing .

The additional circuit ry is ocamarioally available and ‘will be purchased
in a psokegs.

The ~?4 analyzer filters ‘will be sampled, but the outputs will hi tisated
in the following manner . The output of each channel ‘will be rectified and
ted to a capacit or, the charge on this capacitor ‘will be rest-out and then
the capacitor will be discharged to prepare it for the next sample.

The ohersoterietice of the memory unit proposed requires t1~~ng cycle of
at least 20 1u seconds between loadings, or read-In, ‘with alternate unloading.,
or rest-out, lOp seconds after read-lu.

The 20p second analyzer sample ‘will be fed into an analog to digital
converter. Thi. device ‘will take the pulses from the analyzer and convert
them to digital information proportional to their amplitude. A comasrolally
availabl e unit is pl.~ned for this function0

This output on 8 parallel wires from the 8 input flip flops ii c~~~~oted
through 8 “adder.”, with the reinsert Information, to the Imput of the storage
unit. The output. of the storage unit, also on 8 parallel ‘wires, are
connected through a suitable snw ing network to th. read-out system, PPI,
recorder, ste.

a

The storag. output. are also oonnsoted to 8 more flip flops ‘whose outputs
are fed. into the afcrai~ utionet “adders” and thenos to the storage unit. Thus
a signal, If it baa appe ared once, will be read-out and reinserted Into the
memory IndefInitely. *3.3. of the flip flop, are cleared ‘with a reset pulse
after each sample. Thu “adders” add. the new digital pulse infoumatian from
the input flip flop, to the old information, if any, from the ~~~~17 output and
reinserts it at the old or new levels.
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If this proceaa were to continue indefinitely, the ~~~ i~’y ‘would eoon fill
up, unless cleared. To prevent this, a fixed amount of signal may be
continually subtracted from the amount in the storage unit so that non-
repetitive signals will die out . A subtract pulse I. connected through an
“ant” gets with the input to th. storage *M then a ~~n” l  switch to an “or’
gate ‘with the clear ;u1~e to the storage output flip f lop..

~ .Q~~iom_c~’_”M 4 r ”  Cl Ow~Lt~
Tb. out ute ci’ the analog voltage to digits convertor flip flops are

strictly binary ‘yea” or “no” Inf ormation.

The output of the relneertion flip flops is also binary. Whether or not
these operate depends on the information in the memory. These outputs are
added in a one digit adder matrix.

The first adder ha~ four inputs and. two output a. .~~* Inputs are designated
Aa nd X, Band!, i’he u it is ar anged. so tbatA !’A • B p ro d u o e a sua
pulse ‘which I. fed to the storage unit. A • B produces a “carry ” pula. ‘which
is connected to the next adder. This unit ~~~ the 6 following it will have 5
inpubs, designated A, K, B, Z~. sr4 C. ~ ~~ gen.rsted Internally. The unit is
so arranged that a. sum pulse Is produc ed If the following pulses are present,
A~~~~, X B ~~, K ! O a n d A B C .  A carx7 pulse occurs If *3, BC or AC is pr..ent,
(or ABC).

By this method, if a signal keeps repeating, it is gra dual ly moved up
through the register inoretsi ng the probabi lity of it being a tr u. target.

A K B I C t  S~~(Li~~O C’ CP~~T

1 0 1 0 1 0  1 1.
0 1 1 0 1 0  0 1
1 0 0 1 1 0  0 1
0 1 0 1 1 0  1 0
1 0 1 0 0 1  0 1
0 1 1 0 0 1  1 0
1 0 0 1 0 1  1 0
0 1 0 1 0 1  0 0
0 . 0 : 0  1. 0 : 1

wnwrxo~ (• )  niloates “and”
Indicates “or”

AB i. also A•B

The required resolution should be based up~n the use of a 3 dagr. . beam it a
~~ 3° J~ 

mean range øf 300 yards. Tb. rang. resolution to

am a side If th.n 600 yard.s or double the m,sa j a
to r.I,resant the mailman range it ½~0 yard.. is to
be displayed, a “~~~“~~ of 300 oha~~~1s is usoessary.
If  a 50 ob.-~ ’e1 analyser is used., a resulting rang.

~~~~~~~~~~~~~~~~ make an approximate square at this rang. ii 15 yard ..

300V0
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resolution of 9 yar ds results, ‘with a. mean range of 150 yards. !Itkier a~these values appear to be a reasonable number for consideration.

If 50 of the 52 available ~~~~~~~ are used. and allowed to fill the memory
over a 63 degree sector, then

2 21 beams, each of 3 d.egrees

can be processed. Also the scan rate of 6 rpm or 360 degrees in 10 seoond.s
or 36 degrees per second means an integration interval of 1/12 second is the
wi.mom tolerabl. at thi. speed, since it takes that length of time to
mechanically position the beam one b.smaidth. If the integration time is
longer, the respons. will not be full sz~ Utude . For a 50 ohameel yeten
working on a 1500 cycl, band., the bitpsse i• 30 cycles p.r ~~~~~~ for a
buildup tins of 1/30 second ‘which Is within th. limit.

The d*ta presented to the. core memory ‘will be 21 sequential beam ‘widths or
a 63 degre. sector. The output of each filter chamiel will be reotifi.d., at
detected.

_ 
R I C

RC ~-l/3O second

This output shall be made avaIlsblo to a sequential switch which combines the
50 individual responses. If the buildup tine is 1/20 second at th. decay time
equal, the total filter response time 1.. 1/15 second assuming a oyol. of cycle
dynamic response filter obar actorist lo.

~~e ~~~~~~~~~ variatign from conventional techeiqu.. of frequency
analyzers as used In FM sonar will, be used . The data to be pre sented to the
core a,~ n’y will be discretely “ccspartmsnta.lised ”. This means there ‘will be
capacitor integration but the charging capacitor will he ‘cleared” Imasdiately

‘I after it hsa been sampled. In effect, this operation will be an Integrator in
th. strict sense, at it i~ this output that gets a numerical value assigned
to It. Therefore, care should be taken In the design of this component.6
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An exaaple of the Integrator s~iitcher may appear as follows:

ANAL NO, I (~I 021

cI~~WXNO Q~
_ 
-* ~~~~

_ A
~/V~v

CV R 21 4,

ANAL NO 2 ota 02?
IC

o —.
~(- ~~~~~~~~ C12

PULSE NO .2 C22 R22

°-
~~~* 

C13

PUL SE NO .3 C23 R23 I

ANAL NO. 50 D150
o—~F~~~~; I

o— l( ~~~~~~ C150
PULSE P40,50 C250 R250 POSITIVE VOLTAGE

(HOLD-OFF BIAS)

~aoh of th . analyzer filters ~;ou1d provid, an input to th. switch. The output
~ould be rectified and Integrated by the integrating capacitors . The
capacitor ‘would be samp led. sequentially by the pulses from the matrix . The
ttio~Le Dli in the an~1yzer signa l lead. is merely a half wave rectifier; the
other diode, capacitor, and resistor, 1)21, C~~, *M R~~ serve as a clamp at
sampler. A positive bias voltage exceeding the maximum Integrated. voltag e
dIsoonne.~te the diodes D~~ fro zz the operat ion. When a negative pulse from
th . matrix override3 the btaa, a particular d.iod.e will conduct. This
conduction allows the Integrating capacitor to discharge through the diode
and the rcsieter s R~~ and Rj~, the oonmion load resistor. The voltage caused
by the discharge current through Bj, is the desired si~~al. It is desired
to keep th. resistance in the tota l circuit as low as possible to allow the
capacitor to become d.Isobarged In lees than 10 aIcr oseo~~~.. The dIode
resistance can be ~1nhu1 zed I~ use of a high conduction diode . This izpli.s

7 
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the use of a lo~i impedanc e a~itekiixig voitags from the matrix ant a lot’ value
for Eel. A guess on R~ would. be 1000 ohms with R~~ at 1~70 and. almost any
germanium d.iod.e~. This would. give a discharge resistance of about 2000 ohms.
If t : BC is to be 10’’, then

~~~~~~~~ or C :O .OOSp af

Such a value of capacitance Is relat ively easy to get In stable values at
low leakage.

The voltage sorcee B1 I. to be converted at. applie d to the memory. An
analogue 4o-digital voltage converter is required. The digital output aist
be in parallel. The conversion must taka plac. in considerabl y less than
20 mIcroseconds. The input Is ‘vezy likely to app ear as:

f 2 OpS —~< 2O~ S— —2O~.tS-—3~

About 3/1~ of the period Is useful or 15 ~i a. A converter can ‘slice’
the above to provide.

• 
_ _

An analogue-to -digital oonverter would essentially pr oo.ee the above
Imfoxmst Ion by the operation of a digital stora ge register , a 6.igitsl”to-
voltage conversi on netvor k, a pulse comparator, at a progrsmuing unit. Tb.
pro~rsaiIng causes a series of decisions involving sucoeseive spprozi~~ticns,
and is actuated by a trI~~er ~~~~~~~~ .

~ ~

The output of the eight flip flops would be further gnted through the
a~’tthmetio structure to the core memory at reset. This could. complete the
Ini tial phase of processing of data to present it to the ~~~~ry.

The trix .uitching pulses to the analyzer Integration capacitors ‘will
be provided, every 1/12 second, or th. time interval required for the beam to
eoax~ three degrees. The programming sequence will be 1092, 20p seo~~~ pulses
occurri ng every 1/12 second .

8
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Only elementary progruimning instrwrLentat ion will be considered initially.
It is conceivable to scan the 1092 tutagratore and. reed their outputs dur ing
the uon—vri tiug Intervals. Eowe-vor, this type of progr amming will enheno. the
display, but riot add to - the d.at~ or i~~irorve the processing. Therefore, this
phase will be cnrried out at a l,ater time.

The basic clock period source will be 50 ko (nr~ 1n~l) square wave. Th~ie
will slave, if necessary, to the synchronous scan. A block diagram of the
basic divider chain Is shown:

52 PLACE

___  

L 
MATRIX

- _____  ______________  

COUNT 
R E F E R ~ NC~

H201 _
~~COUNTJ_.J

Required are 21 groups of’ 52, 20 microsecond spaced pulses. This will
allow a ~~xI2~ni~v of 52 analyzer channe ls, o1 which 50 ar e planned tc be used
The 21 groups will be used to represent the data In each of 21, 3 degree
beazae. The scar. rate Is 36 degreca per second. The 2]. besmwid.tb,s should
be filled in 1.75 seconds .

The 50 kc frequency control signal will be divided by 212 or 1 096 to 12 op.,
The 50 I~ is a nc~ina1 vain., ~‘O~ it actu ally is very slightly lover, king

• the pulse periods slight ly gr ,ater than 20 mIcroseconds . The 12 ops pulses
are count ed and. passed up to 21 in number. This action is cycled every 10
seconds by a 120 to divider. Each time a 12 cycle pulse I. passed., it gets.
a group of 52, 20 pa pulses to the core memory.

Th. output pulses represent the reference or unload pulse. to th. core
memory. The other pulses operating the unit shall be derived. fro5 them. Tb.
time rslatlonahlps of the other pulses to the reference or unload. pulse appear
as follows :

9
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LOAD 
__________________

fl ,

~

SUBTRACT 
______________________ ___________________

CLEAR fl~~~ fl,,_____

__i ~~~~~ ~~~~~~~~J__
0 10 20 30 40 ~ S

Th. above three pulses will, be der ived from the unload pulse by ~~ans of’
delay *iltivibrstors-

The eo.~rm4Iig will have to be pr ecisely regid~ated In spe ed to acbi~ve the
xiiwa degree of congruence ci’ the SUOCCSSITS overlying frumee of data , For

this reason, it may be necessar y ~~j~~~l7 to slave a f ecj~en~y control loop
between the eo~”~~~~ transd.u.cer and the 50 ho oscillator. ~o~~ver, this Is to
be regarded. as a second phase investigation effort .

Di~~~~~
Optimum nee of the tactic al display f’ez~turce wIll not be incoaTorated.

into the init ial Icatrumentaticn. There are sevcr~’.l reasons for not m~ dng
more effective use of the capability at t~tia tIm, but the primary one Is
of complication of the instrumentation0 It Is riot reasonable with the effort
planned to util iae the full capability . rtho~~iore, the~ effect may ~ot be

rea listic in a general case0 By this , It is nt that only ~ 63 degree
sector ‘will be prooeese4L The pri ncIple enhancement )f the diep lay ooi~ d be
made pr incipally by ntiiI~Ing the ‘~dead.~ tIi~.s botvoeu repetitions of t~ie

eo~i~~lv~g of this 63 degre. sector.

The eight output laad.e of the core mer~ory are in a b1n~ry ~ariner~
A parallel binary voltsge-to.~e.nalogue converter c~an be £netr menteii~ For the
required. accuracy, 1 part in 2%, a vaoutm tube cathod e follower aa&~~~Ion
circuit can be used. This output, n~~’ in ser ial form~ can be dIc ~l~jcd in
several ways The most erped.Itioue Viii be to use the ~~~z tron ceolilosoopo
end establish 23. t2’w~es in a ~30 scan ~~~~~~ Instend of inteneity n~odu1atIm,
amplitude or A scan. data can be interpoced. rrn each of th~ tru cee pro ó.ucing a
disp Lay appearing as follows:

---
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It I~ al so oi~~r~~1 to 3oi~~~:~~~)r~ of d~ta pr ocessed. by the int.grat~~.
using convention al PPI displays.

It is also poesil)le at the d.igit~1-to- -analogue converter to introduce
rather simply a fi~e~. nw~iber so that only values gr.~ter than it ‘will be
passed. to the disp lay. Thi~ aight b~ d.oce in a later phase of investigation.
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